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(54)CnOC05 nOJiyMEHkt51 nOJlMMSOEyTMJlEHA 

(57) Pe4)epaT: 

Cnoco6 MO^er 6biTb McnonbaoBaH Ann 
nojiyMeHMfl nojiMki3o6yTMneHa, noxiyMeHHbiC^ 
npoAyxT McnonbsyKST b icat^ecTBe aaryu^aioL^MX 
npvicaAOK k njiacTkiHHL\biM ciuiaaKaM, MoropHbiM v\ 
AH3e/ibHbiM MacjiaM, Ann i/iaroroBneHMP 
TepMeTMKOBV Knees m APyrux n3AeJinM. 
no.nnn3o6yTMneH noriyMaiOT nojiMMepnaaLinei^ 
M3o6yTMneHa e yrneeoAopoAHbix 

pacTBopurejiRx b npucyTCTSMH KarannTHMecKov^ 
cMCTeMbi, cocTonu^eti H3 ranoreHHAOB ruraHa n 
TpnafiKkinaniOMMHMfl. B KanecTBe 
TpManKunanioMMHMH Mcnonb3yK)T 
TpMM3o6yTMJiajiK)MMHMi^, a npoi^ecc npoBOAflT 
npn TewinepaType or (-40°C) ao +40°C nyieM 



nocneAOBaTejibHoro BBOAa e pacTBopmenb 
(Tonyon, kcm/ioh, H-roKcaH, nsoneHiaH) 
H3o6yTHJieHa b KOJikmecTBe 10-60 Mac.%. 
AMBHHMn6eH3ona b KOJinnecTBe 0.1 - 5,0 Mac.% 
Ha M3o6yTtineH, «HeTbipexxnopncToro TuraHa m3 
pacHera 0,05 - 2,0 mojia wa 100 Kr MOHOMepa m 

TpMM306yTMna;ilOMMHHfl npn MOJlbHOM 

OTHOLueHMH TuxaH : anKDMUHMM 20 - 0.5. Cnoco6 
no3BonfleT nonynaTb nonMM3o6yTnneH b 
To/iyojie. Kcunone, rsKcaHe. n3oneHTaHe npn 
noHM>KeHHbix pacxoAax KOMnoHeHTOB 

KaTa/IMTMHeCKOCi CUCTeWbl. C BblCOKUM BblXOAOM 

\A MMeK3LAi/iM noBbiLueHHyK) 3aryLAaioiAyio 
cnoco6HOCTb npM HuisKoi^ MoneKynnpHOM Macce. 
1 Ta6ji. 
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(54) POLYISOBUTYLENE PRODUCTION PROCESS 

(57) Abstract: 

FIELD: polymerization reactions and 
lubricant additives. SUBSTANCE: 

polyisobutylene useful as thickening 
lubricant additive and source for preparing 
hermetics, glues, and other products is 
produced by polymerization of isobutylene in 
hydrocarbon solvents in presence of 
catalytic system consisting of titanium 
halides and trialkylaluminum, in particular, 
triisobutylaluminum. Process is carried out" 
at temperature from -40 to +40 C by way of 



consecutively adding, to solvent (toluene, 
xylene, n-hexane, isopentane), isobutylene 
in amount 10-60 wt %. divinylbenzene in 
amount 0.1-5.0% based on isobutylene weight, 
titanium tetrachloride on the basis of 
0.005-2.0 mole per 100 kg of monomer, and 
triisobutylaluminum at Ti/AI molar ratio 
from 20 to 0.5. EFFECT: reduced consumption 
of catalytic system components, increased 
yield of product. and increased its 
thickening capability with low molecular 
weight. 5 ex 
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M3o6peTeHMe othocmtcw k rexHMKe 
noxiMMept/isauMM i43o6yTiuieHa. a nonyMaeMbiC^ 
no/iMH3o6yTMneH ncnonbayeicp b KaseciBe 
aaryii^atoLi^Mx npt^caAOK k ruiacTMHHbiM CMasKaM. 
MOTopHbiM M AHaenbHbiM MacnaM. a^p 
MaroToaneHMfl repMeiMKoa. Knees m Apyrwx 
M^e/iMj^. 

l/l3BecTHb) cnoco6bi nonyMeHMn 
nonMM3o6yTMneHa b ymesoflopOAHbix 
pacTBopurenflx b npucyrcTBHn KaTa/iMTHMecKnx 
CMCieM Hs ocHoee KucnoT Jlbjoi/ica. b tom Hucne 

M COBflUHeHUCl THraHa (IV) B K0M6MHaL\MH CO 
Cnei^MBJIbHO BBOA^MbJMkl Ao6aBKaMM 

(KBTMOHoreHaMn, npoTOHoreHaMM n r.n.) nnn 
coeAMHeHnC^ TuraHa m TpnanKunamoMUHMfl [1 ,2]. 
ripoL^eccbi npoBOA«T b anncparnMecKnx nnn 
rajiOMACOAepxainnx yrnesoAopoAHbix 
pacTBopurejiflx npn TewinepaTypax, KaK 
npaBuno, HM>Ke 0°C. 

K HeAOCTaTKBM M3BecTHbix cnoco6oB 

OTHOCflTCP Heo6XOAHMOCTb OMeHb BblCOKMX 
paCXOAOB KOMnOHBHTOB KaTaJlMTHMeCKOf^ 

CMCTeMu, McnonbsoBaHne AoporocTo^mux n 
TOKCMHHbix xnopcoABpxcau^vix pacTBopMTejieC^, 
liJMpoKoe MOJieicynnpHO-MaccoBoe 
pacnpeAejieHMe oSpaaytOLi^kixcn nojiMMepoB. 
B03MO}KHOCTb npoTeKaHvin BTopkiMMbix peaio^kiM 
npki McnojibsoBaHMM apOMarkiMecKkix 
coeAMHeHMM b KawecTBe pacTBopMTeneM. 

Havi6ojiee 6jim3Kmm k npeAnaraoMOMy 
M3o6peTeHkiK) no TexHkiMecKoi^ cylMHocTM m 
AbcTMraeMbiM peayjibTaraM fiBJiflercn cnoco6 
nojiyneHMfl nojiMM3o6yTiiJieHa nyreM 
nojiMMepMsai^Mvi M3o6yTviJieHa b HaooicraHe np^ 
TeMneparype or -25 ao +75*'C. flpn 3T0m b 
pacTBopMTenb nocjieAOBaTenbHO bboa^t 
KOMnoHeHTbi KaTajiM3aTopa - TpktdTMJianK)MbiHMf4 
M neTbipexxjiopMCTbif^ tmtbh v\3 pacMera 

MOJIbHOrO OTHOLUeHklfl TMTaH: aXllOMMHMM 2: 1 MJIM 

1:16 ki Aanee b TGMeHMe 2,5-3 HacoB bboa^t 
M3o6yTMXieH [3]. KonnHecTBO KarannaaTopa 
onpeAenaeTCfl m pacHeia 1 Mac.% 

TpM3TkUiaJ1IOMklHt151 C paCTBOpe, KOJIMMeCTB 

M3o6yTM;ieHa - or 98 ao 226 r; b stmx 
ycnoBMqx KOHBepcMfl MOHOMepa npi^ 
TeMneparypax BbiLue 0°C cocTaanfleT okojio 

30%. 

HeAocraTKaMn sToro naBecTHoro cnoco6a 
flB/iflK)Tcn bwcokmCi pacxoA KaiannaaTopa, 
• Manafl 3ct)ct)eKTMBH0CTb npOL^ecca, oco6eHHo 
npn Tewnepaiype nonnMepMaai^MM Bbime O^^C, 
HM3Koe SHBMeHne aaryinafou^eCi cnocx36HOCTn 
o6pa3yK)ii;nxc5^ nonnwepoB, nivieiomMX 
MoneKynflpHyK) Maccy Menee 10000. 

L4enbio HacTOfii^ero TexHUMecKoro peiuenm 
flBfiJieTCfl cnoco6 nonyHeHUfl no/iMM3o6yTMJieHa 
B TOJiyojie. H-reKcaHe. naoneHraHe mjim KCM/ione 
npn noHMKeHHbix pacxoAax KOMnoHeHTOB 
KaTaxiMTMMecKOt^ cktcreMbj m BbtcoKkix BbixoAax 
no^MMepa, MMeioiitero noBbiujeHHoe aHaMeHMe 
aaryii^aioLi^eP^ cnoco6HOCTM npn Hii3Kof^ 
MoneKynnpHoi^ Macce. 

Cyu^HocTb npenaraeMoro texHMMecKoro 
peiueHMfl aaKnioHaeTCJi b tow, mto 
nonMMepki3aL4kiio M3o6yTMneHa npoBOA^r b 
M3oneHTaHe, H-reKcaHe, To/iyo/ie v\m Kcvinone 
npn TeMneparype or -40 ao +40 nyreM 
nocneAOBarejibHoro BBOAa b pacTBopurenb 
M3o6yTMneHa m pacnera era coAep)KaHM« or 10 
AO 60 Mac.%, Ai^BMHMji6eHaojia ms pacMera or 
0,1 AO 5.0 Mac. % Ha M3o6yrn/ieH, 
Merbipexx/iopMCToro ruraHa na pacnera or 0,05 
AO 2.0 MOJib Ha 100 Kf MOHOwepa m 
rpMvi3o6yTMJianioMMHiiH iia pacsera MonbHoro 

OTHOUJeHMfl TMTaHianiOMMHMM OT 20 AO 0.5. 
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OrpaHMseHMR no KOHi^eHrpat^MM MOHOMepa 
o6ycjioBneHbi aKOHOMMMHOcTbio. rexHMKOj^ 
6e3onacHOcrM npoi^ecca m BbicoKoi^ 
AHHaMviMecKoC) BnaKOCTbio nonMMepnaara 
(pacTBopa roTOBoro noniiM3o6yr^eHa). Kpai^He 
aarpyAHflioiAef^ ero rpaHcnoprkipoBKy no 
Tpy6onpoBOAaM. 

npeAejibi no KOHueHTpaL^Mn 

MerbipexxjiopMCToro ruraHa ycraHoaneHbi c 
yneroM pesKoro naAeHMfl acMjeKTHBHOcru 
npouecca npn yMeHbiueHMM aroii BennHUHbi 
HVixe 0.05, HeaHaHi/irenbHocru ee snuflHufl na 
CKopocrb npoL^ecca npn yBennMeHnn CBbiiue 2.0 
Morib Ha 100 Kr MOHOMepa. a raioKe 
Tpe6oBaHM5?MM no HucTore potobom npoAyKL^nn. 

B cjiy^ae BbiBOAa AHBHHnn6eH3ona Menee 
0,1 Mac.%. 3aryiAaK)U4an cnoco6H0CTb 
nonnwepa He yBennMUBaercp. a npw SHaMeHHRx 
6onee 5.0 Mac.% bo3MO>kho nporeKaHMe 
no6o«^Hbix peaKUM^ c o6pa30BaHMeM 
HepacTBopuMbix npoAyicroB. 

OrpannMeHMR no TeMneparype 
nonnMepusauMM onpeAenenbi sKonoMUHecKoC^ - 
qenecoo6pa3Hocrbio n B03MO)KHocrbK> 
nporeKBHUfl no6oHHbix peaKuiuP^ anKunnpoBaHun 
ronyona m o6pa30BaHnn snaMMrenbHbix 
KonnMecTB AMMepoB M3o6yTMneHa. 

ripeAenbi no MonbHOMy OTHOLuennK) 
TuraHiajiKDMMHMM Bbi6paHbi c y-ieroM pesKoro 
cHH)KeHMn cKopocTM nojiMMepMaai^MM npu 
Ti/AI < 0.5 M HeL^enecooSpaaHOCTM 6onbLiJMX 
pacxoAOB KOMnoHeHTOB KaTannaaropa, mto 
rpe6yer raiOKe npoBeAeHMP AononHiirenbHoC^ 
OTMbiBKM npoAyicra or mx ocrarKOB. 

nocneAOBarejibHOCTb BBQAa acex 
KOMnoHeHTOB CMcreMbi B pacTBopkirenb ne 
OKaabiBaer aaMernoro ankinnkin na cKopocrb 
npOMecca vi xapaKrepMCTMKM nonyMaeMoro 
ripoAyKTa. 

Docne npoBeAeni/ifl nonnMepnaaL^kii/i b 
peaKi^MOHHyio Maccy bboart arkinoBbiC^ 
(MBTMnoBbii^) cni^pT Anfl paapymeHMn ocrarKOB 
Karankiaaropa m BbiAennior nonuiMep 
(iaaecTHbiMM cnoco6aMM nyreM oTMbiBxii boaoC^ 
or ocrarKOB KaranM3aTopa, • a npui- 
Heo6xoAi^MOCTM M orroHKoP^ pacTBopkirenn Ha 
poropHO-nneHOMHOM kicnapkirene mjim boahoK 
Aera3aL^Me(^ ocrpbiM napoM c nocneAyK)u^ei^ 
cyujKoi^ Ha ropK>HMX aanbi^ax t/inn b 
BaKyyM-cyiuMJibHOM ujKact}y. 

rio/iMMep xapaKTepnaytOT no MoneKynnpHOM 
Macce (no LUrayAHHrepy, xnopocfiopM, 20°C). 
MOJieKyxinpHbiM napaMerpaM (kia Aannbix 
renb-npOHHKafoi4eM xpoMaTorpac{)MM) n 
aaryiMaiOLAeM cnoco6HocTM, onpeAenjieMoPi KaK 
pasHocTb Me>KAy SHaHeHMflMki KHHeMarnHecKoi^ 
BJiaKOCTn pacTBOpa noni/inaoSyrmieHa b 
ryp6MHHOM Macne c KOHL^eHrpau^neJi 5 Mac.% w 
m/iCToro Macjia. 

ycnoBnw nonnMepn3aL(nM n cBOMcraa 
nojiyneHHbix nojinMepoB npeAcraaneHbi b 
Ta6nm4e. 

ripeAnaraeMoe rexH^necKoe peuieHi^e 
MJiniocTpMpyercfl HiDKenpuBeAenHbiMH 
npuMepaMM. 

npHMep 1 (no npoTOTuny). 

B MeiannnHecKMM na6oparopHbiM peaKTOp 
eMKocTbto 3 nmpa, CHa6>KeHHbiM ycrpoticTBaMM 
Ana aarpysKM m BbirpysKui pearenroB, aaMepa 
AaaneHMfl n reMneparypbi. MemanKot^ m 
py6aujK0M ahp? repMOCTarnpoBaHMJi. bboast 990 
r (1430.6) Mn MSOOKiaHa. npeABapurenbHO 
ocyujeHHoro naA aKTMBMpoaaHHo^ oKucbio 
aniOMUHMJi M o6ecKVicnopo«eHHoro, 255,5 r 
(425,8 Mn) nao6yTMneHa. Aanee 60 r (90 Mn) 
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paCTBOpa TpM3TV11iaJ1IOMMHMA B KepocMHe c 

KOHueHTpaukie^ 16.7 Mac.% via pacMera 
coaABHHfl KOHi^eHTpai^MM 1 ,0 Mac. % M pacTBop 
MeTbipexxnopMCToro TMiaHa b naooiaaHe c 
KOHueHTpaunevI 1,82 Monb/n m pacMera 

MOJIbHOrO OTHOUJeHMfl a/lMDMMHM«:TMTaH =1:2. 

Bee onepBLiMM no aarpysKe m BwrpyaKe 
ocyiMecTBJiflioT b tokb ocymeHHoro m 
o6ecKMcnopo)KeHHoro aaoia (iok m b 
nocneflyioi^nx npuMepax). 

ripoi^ecc npoBOAflT npM Tewneparype 
30 ± 1 b TeMeHne 4 MacoB. Bbixofl nonnMepa 
cocTaanner 56.1%, era cpeAHeBsaKOCTHafl 
MOJieKynnpHafl iwacca no lUrayAMHrepy (Mv) = 
5300. cpeAHeHncnoBan MOJieKynnpHan Macca 
(Mn) = 6800. MHAeKC no/iiwcnepcHOCTM 
(Mw/Mn) = 11,2, aaryu^aiounafl cnoco6HOCTb = 
1.5 cCt. 

HpviMep 2 (m Aaxiee no M3o6peTeHiiK)). 

OrnnMaeTCfl or npuMepa 1 reM. hto b 
peaKTop BBOAflT 1067.2 r (1226.7 mji) Tonyona 
M 120 r (200 Mn) MaoGyTHjieHa. Aanee 
nocneAOBaTejibHO noAaiOT TonyojibHbie 
pacTBopbi At^BMHkiji6eH3ona c KOHL^eHTpai^kiei^ 
12.0 vin B KCJiMMecTBe 0,1 Mac.% Ha 
M3o6yTwtJieH, MeTbipexxnopucToro TuraHa c 
K0H4eHTpai^MeM 0,02 Monb/n b KonnMecTBe 0,05 
MOJib/100 Kr MOHOMepa m 

TpkiM30Ji6yTMJia/i>OMviHMfl c KOHL^eHTpau^ef^ 0,02 
Monb>/n M3 pacMera MOJibHoro OTHomeHi^fl 
TMTaH:ajiK)MMHMW. pasHoro 2:1, PacHer 
KOHi4eHTpai4nn lumxtw b stom m Apyrux 
npHMepax nponsBeAeH c y«HeTOM pacTBopnTenyi, 
nocrynaioLL^ero c KOMnoHeHTaMU 

KaTaJIMTHHeCKOM CMCreMbl M AHBMHHn6eH30/10M. 

□pouecc npoBOAflT npn TeMneparype 40 °C . 
B Te^BHue 10 MMHyr. BbixoA nonnMepa 
cocTaBJiRST 98%. Mv = 5400, Mn = 4800. Mw/Mv 
= 3,5, aaryu^aKJQ^afl cnoco6H0CTb = 8,1 cCt. 

DpuMep 3. 

B MeTa/i/iMHecKMP^ peaiaop bboa^t 194,4 r 
(294,5 Mji) H-reKcaHa n 300 r (500 wn) 
M3o6yTHJieHa, oxna>KAaK)T ao (-10°C) m bboaat 
1,5.r 100%-Horo AHBi/iHMn6eH30Jia, TonyonbWbit^ 
pacTBop Tpi/tn3o6yTMnaniOMHHMJ? c 
KOHL^eHTpai^neJ^ 0,3 Morib/n n paciBop 
MeTbipexxnopucToro TuraHa c KOHL^eHTpauneCi 
0,2 MOJib/n M3 pacMera no A03MpoBKe TiCU 0,2 
MOJib Ha 100 Kr MOHOMepa vi MOJibHora 
cooTHoujeHkifl THTaH:a/iK)MMHMi^, paBHoro 0,5. 

no/iMMepM3a4Mio npoBOA«T npn (-10 °C) b 
TeneHne 30 MUHyr. BbixoA nojiMMepa 
cocTaanner 95%. Mv = 14700. Mn = 13600. 
Mw/Mv = 3,8. aaryiAaioiAafl cnoco6HOCTb = 20,3 
cCt. 

ripuMep 4. 

B Merannmecm^ peaiaop bboaat. 592.4 r 
(955.5 MJi) nsoneHTana, 150 r (250 mji) 
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M306yTMneHa. 7.5 r 100%-Horo 
AMBMHMJi6eH3ona, pacTBop MeTwpexx/iopMCToro 
TMTaHa B Tonyojie c KOHL^eHTpai^Mei^ 0,6 Mo/ib/n 
V13 pacMera 0.2 Mo/ib hb 100 kt MOHOMepa m 
TonyojibHbiii pacrsop TpMH3o6yTnnanjoaMMHMn c 
KOHueHTpai^Mei^ 0.05 MOJib/n H3 pacMera 

MOJIbHOrO OTHOlUeHMfl TV1TaH:aJ1K)MMHVl(^, 

paBHoro 20. 

(Ipoi^ecc npoBOAflT npn lO^^C b leMeHne 15 
MMHyi. BbixoA nonnMspa (c yHeroM 
3arpy>KeHHoro AHBMHn/i6e3Ho;ia) cocraanjieT 
97%, Mv = 9600, Mn = 11500, Mw/Mv = 6.3. 
3aryL4aK}ii4aq cnoco6HocTb = 12.5 cCt. 

ripuMep 5. 

B MeranjiMMecKuCi peaiaop bboa^t 413 r 
(480,2 MJi) Kcunojia. 180 r (300 mji) 
M3o6yTM/ieHa, Aajiee noAatoT 1.8 r 100%-Horo 
AMBViHMJi6eH30Jia. oxna}KAaiOT ao (-40°C) m 
BBOA^T Tonyo/ibHbiC^ pacTBop 
TpMki306yTMjiajiK)MHHMn c KOH4eHTpa4biei^ 0,18 
MOJib/n M pacTBop HerupexxnopkiCToro TMraHa b 
KCMJione 0 KonyeHTpauMef^ 0.18 Mo/ib/n m3 
pacHera 0.4 Monb TiCU Ha 100 Kr MOHOMepa ki 

MOnbHOrO OTHOLUeHkin TI4TaH:aJlK)MMHll(4, 

paBHoro 1.0. 

nonnMepn3ai4viJo npoBOA^T npn (-40 °C) b 
TeMenne 60 MUHyi. BbixoA no/iMMepa 
cocTaB/ineT 96%, Mv = 5300, Mn = 5400. Mw/Mn 
= 4.7, 3aryLMaK)ii^afl cnoco6HOCTb = 9,6 cCt. 

Cni^coK JiMTepaTypbi, npkiHflroM bo BHHMaHkie 
npM cocTaBneHMM aapiBKM: 

1. fl)K. KeNHBAn. KarnoHHafl no;inMepM3am4fl 
one4)MH0B. M.: "Mnp". 1978. C. 157. 

2. M.M.Hamada. J.H.Gary. . Polynner 
Preprints. 1966. V. 9. P. 143. 

3. A. B.TonHkieB, B.A.KpeHL^enb, 
H.O.BoroMonoBa, f0.5R.ronbAct)ap6. 
rionnMepMsai^nfl naoGyri/ineHa b npucyrcTBun 
TpM3TnnanK)MMHHR M HeTbiepxx/iopMCToro 
TMiaHa. floKnaAbi AH CCCP. 1956 T. 3, N 1. C. 
121. 

cPopMyna M3o6peTeHMn: 

Cnoco6 nonyMeHMfl nojiMki3o6yTMJieHa 
noriMMepuiaaMMei^ ki3o6yTkineHa < ■ b 

yrneBOAopoAHbix pacTBopurenHX b npucyrcTBuiM 
KarankiTMHecKOvi cMcreMbi. cocTOflLi^eM na 
ranoreHMAOB TkiTana ki TpkianKM/iajiK3MMHMfl, 

OTnMMaK5l4MMCn TCM, 

Tpna/iKunanioMMHkm 
TpnnsoSyTMJianiOMMHkiW, 
npui (-40°C) 
noc/ieAOBaTe/ibHoro BBOAa b pacTBopurenb 
H3o6yTMJieHa b KonnMecTBe 10-60 Mac.%, 
AMBMHMji6eH3ona B KonnMecTBe 0.1 - 5.0 Mac.% 
Ha M3o6yTnneH, Merbipexxnopucroro TUTana m3 
pacHsra 0.05 - 2.0 mo/ia na 100 Kr MOHOMepa m 

TpMM306yTM/ianK)MMHHq npH MOribHOM 
COOTHOLUeHklM TUTaH \ aniOMVIMMM 20 - 0,5. 



MTO B KB'-ieCTBe 

McnonbsyiOT 
a npoi4ecc npoaoAWT 
(+40)°C nyreM 
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TafiJDuia 

ycjioBHfl nojDiMepHsamui motTsmeaa, m cBoAcTBa 
nojiyqeHHoro nojDfMepa 



HoKaaaTejDi No npHMepa 



1. ycjioBHa npouecca: 

KoHueHTpauHH MOHOMepa B 

niHXTe. Mac.% 20 10 60 20 30 
KoHueHTpauwa T iClt, , 

MOJib Ha 100 KT MOHOMepa 54 0,05 0,2 2,0 0 4 ^ 

MojibHoe OTHomeHHe Ti/Al 2 2,0 0,5 20 1,0 q 
KojnmecTBO AHBHHHJiOeHBOJia. 

Mac. X Ha MQHOMep - 0,1 0,5 5,0 1,0 oo 

TeMnepaTypa, 30 40 -10 10 -40 

BpewJi, MHH 240 10 30 15 60 o> 

KOHBepCHH (BHKOB HOJIH- O 

Mepa). % 56,1 98 95 97 96 V ^ 

PaCTBOpHTeJlb H300KTaH PeKCaH KCHJIOJI 

TOJiyoji HsoneHTaH 

7> II.OBoi^GTBa noJUiMepoB: 

c Mv no UtraysHHrepy. 10"^ 5.3 5.4 14,7 9.6 5,3 

Mn.lO'^ 6,8 4,8 13.6 11.5 5.4 

Mw/Mn 11.2 3,5 . 3,8 6,3 4.7 

Ssryw&avm^ cnocoGHooTb 

^ nojMMepa, cGt 1.5 8,1 20.3 12.5 9.6 
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